Introduction
Chronic obstructive pulmonary disease (COPD) is a major cause of morbidity and mortality worldwide. It is characterized by persistent respiratory symptoms and airflow limitation. 1 In People's Republic of China, the prevalence of COPD in individuals $40 years of age is estimated at 8.2% 2 or varying from 5% to 13% in different provinces/ cities. 3 Cigarette smoking is considered as the most important risk factor, but genetic characteristics play an important role in the susceptibility to COPD. Genome-wide association studies (GWAS) identified several genomic regions associated with higher COPD risk. Some GWAS loci are located in the FAM13A gene on chromosome 4q22 and in the 15q25 locus, which includes the IREB2 gene. considered as a signal transduction gene because of the RhoGAP functional domain in the exon region, 9 but it is now known to be associated with β-catenin signaling, which is typically activated during injury repair and tissue regeneration. 10, 11 Hypoxia commonly accompanies COPD and enhances FAM13A expression. 9 In addition, Kim et al 12 showed that FAM13A SNPs associated with a higher risk of COPD were also associated with an increased FAM13A expression in the lungs, suggesting a possible causative association with pathological changes in the lung. Corvol et al 13 showed that the association of the FAM13A gene with pulmonary function parameters (FEV 1 %predicted and FEV 1 / FVC) was observed in different independent cohorts, suggesting that FAM13A is associated with a specific phenotype of COPD. Furthermore, Choo et al 14 demonstrated an association between the CTGA diplotype in FAM13A and the emphysema phenotype of COPD, and Jiang et al 11 provided the basis for the role of FAM13A in the development of emphysema. A recent study by Corvol et al 15 showed that FAM13A and airway epithelial-mesenchymal transition (EMT) are closely associated in cystic fibrosis. EMT is also thought to play an important role in airway remodeling in COPD. 16 Taken together, these results strongly suggest that FAM13A is involved in the etiology of lung diseases and COPD.
Iron is found in cigarette smoke 17 and has been shown to disrupt the lung homeostasis, making lung tissues more susceptible to damage from any cause. 18 IREB2 is a gene that is translated into the iron regulatory protein 2 (IRP2), which plays a key role in iron homeostasis. IREB2 is in strong linkage disequilibrium with nicotine receptor genes (CHRNA3 and 5). 5 IREB2 expression is increased in the lungs of patients with COPD. 19 IRP2 regulates cellular iron homeostasis and mitochondrial function. 20, 21 It is reported that some IREB2 variants may affect COPD in the presence of high levels of iron due to cigarette smoke exposure. 18 Therefore, there could be some association between IREB2 and respiratory conditions such as COPD.
The association between single-nucleotide polymorphisms (SNPs) in FAM13A and IREB2 and the risk of COPD is still unclear, although some GWAS loci have been reported. 4, 5 We aimed to identify new genetic variants associated with COPD in People's Republic of China. The aim of the present case-control study was to examine the association between tag SNPs 22 in FAM13A and IREB2 and COPD risk. In addition, this is the first study evaluating the effect of genetic factors on the pathogenesis of COPD in the Ningxia Hui Autonomous Region (Northwest China).
Materials and methods study design and population
The COPD screening and early intervention project in the Ningxia Hui Autonomous Region was funded by the Ningxia government and aimed to carry out a prospective investigation between January 2014 and December 2016 to acquire data on COPD in the Ningxia Hui Autonomous Region. The investigation was approved by the ethics committee of the General Hospital of Ningxia Medical University. All participants provided a written informed consent.
A total of 6,130 participants $40 years of age and from a single township volunteered to participate in the study. They were local farmers, and at least three generations of their families were Han.
The participants were grouped as COPD and controls. COPD was defined as post-bronchodilator FEV 1 /FVC ,70% and with chronic respiratory airway symptoms including dyspnea, chronic cough, sputum production, or wheezing. The exclusion criteria were as follows: 1) history of other respiratory diseases such as bronchial asthma, pulmonary tuberculosis, interstitial lung disease, or lung cancer or 2) unable to perform the lung function tests for any reason. The controls were with normal pulmonary function (FEV 1 / FVC .70%) and had no known medical illnesses or family disorders.
All volunteers underwent blood tests and completed questionnaires. The participants were interviewed by trained interviewers using standardized questionnaires about the risk factors of COPD. All pulmonary function measurements were performed using portable spirometers (MicroLab Spirometer, MD Spiro, Lewiston, ME, USA) and according to the guidelines of the American Thoracic Society. 23 Peripheral blood samples (2 mL) were collected in EDTA Vacutainer tubes for DNA extraction.
snP selection and genotyping
We selected seven tag SNPs in the FAM13A and IREB2 genes using the Genome Variation Server database (http:// gvs.gs.washington.edu/GVS147/) and the National Center for Biotechnology Information database (http://www.ncbi.nlm. nih.gov/projects/SNP) and based on the following criteria: tag SNPs in the CHB and Asian database selected by the Haploview 4.2 software (Broad Institute, Cambridge, MA, USA) 24 with Hardy-Weinberg equilibrium (HWE) P-value $0.05, a minor allele frequency $0.05, and r 2 $0.8. Peripheral blood leukocyte DNA was extracted using a DNA extraction kit (Promega, Madison, WI, USA). DNA 
Covariate assessment
Demographic characteristics and COPD risk factors (age, sex, height, weight, smoking status, age at first cigarette, number of cigarettes/day, cooking and heating with coal stove, family history of lung disease, and childhood history of respiratory disease) were obtained using a questionnaire designed for this specific population. All participants were personally interviewed by trained interviewers.
The smoking status was defined as follows: 25 subjects who had smoked .20 packs of cigarettes in a lifetime or 1 cigarette/d for a year were regarded as ever smokers (current or former); otherwise, they were classified as never smokers. Smokers who were still smoking at the time of the interview were considered as current smokers, and those who had quit (for at least 30 days before the interview) were former smokers. 26 Pack-years were calculated in smokers by multiplying the average number of cigarettes smoked per day by the number of years of smoking and by dividing by 20 cigarettes/pack. Participants were classified as follows: 0, 0-20 and .20 pack-years. Cooking and heating with coal stove meant that the participants were using coal as domestic fuel. Body mass index (BMI) was calculated by dividing the weight (in kilograms) by the squared height (in meters).
statistical analysis
Continuous data were presented as mean ± standard deviation, and categorical data were presented as frequency or percentage. The differences in the distributions of demographic characteristics, selected variables, and genotypes between the two groups were analyzed with Student's t-test or the chisquare test, as appropriate. HWE for each SNP was tested using the chi-square test in the control group.
Unconditional logistic regression analyses without or with adjustment for the covariates (age, sex, BMI, smoking status, pack-years, coal consumption, pulmonary problems in childhood, and family history of pulmonary diseases) were used to estimate the odds ratio (OR) and 95% confidence interval (95% CI) for evaluating the effect of each SNP on COPD risk. Then, genetic variants were assessed using different genetic models (additive, dominant, and recessive). The subgroup analyses according to the abovementioned covariates were performed using stratified models.
All analyses were performed with R (http://www. R-project.org, The R Foundation) and Empowerstats (http:// www.empowerstats.com, X&Y Solutions, Inc., Boston, MA, USA). Two-sided P-values ,0.05 were considered statistically significant. Figure 1 presents the study flowchart; 491 patients with COPD and 611 controls were included. Their characteristics are presented in Table 2 . There were no differences in age, sex, coal use, and childhood pulmonary problems between the two groups (all P.0.05). Compared with the control group, the COPD group had significantly more smokers (P,0.0001), more pack-years smoked (P,0.0001), higher family history of pulmonary diseases (P=0.03), and lower BMI (P,0.0001). Among the patients with COPD, 25.9%, 45.8%, 21.6%, and 6.7% were classified as GOLD stages I, II, 
Results

Characteristics of the participants
Abbreviation: snPs, single-nucleotide polymorphisms.
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Zhang et al III, and IV, respectively, according to airflow limitation (FEV 1 %pre levels).
association between snPs and COPD susceptibility
The information about the selected SNPs is shown in Table 3 . All of the SNPs were distributed within the parameters of HWE for the control population (P.0.05). The call rates during the genotyping of these SNPs were all above 95%. The frequencies of the SNPs in the COPD and control groups are shown in Table 4 . The frequencies of rs17014601 T.C and rs16969858 C.T were significantly different between the two groups (P=0.0005 and P=0.03, respectively). When considering the rs17014601 SNP in the FAM13A gene, compared with the TT genotype, the CT genotype was associated with an increased risk of COPD (non-adjusted OR=1.65, 95% CI=1.28-2.13). The association was stable in the age-and sex-adjusted analysis (adjusted OR=1.66, 95% CI=1.29-2.15), and even after adjusting for more covariates (age, sex, BMI, smoking status, pack-years smoked, coal use, family history of lung disease, and childhood history of respiratory disease) (adjusted OR=1.76, 95% CI=1.33-2.32).
Five genetic models (additive, heterozygote, homozygote, dominant, and recessive) were used to analyze the associations between the variants and risk of COPD with and without adjustments for covariates ( Table 5 ). The rs17014601 T.C SNP fitted the additive model, showing a significantly increased risk of COPD in the presence of a C allele, in a dose-dependent manner, and after adjustment for age, sex, and other covariates (adjusted OR=1.36, 95% CI=1.11-1.67, P=0.0028). The rs17014601 CT genotype was associated with an increased risk of COPD based on the heterozygote model (adjusted OR=1.76; 95% CI=1.33-2.32; P=0.0001) No associations between the other SNPs and COPD were observed in the multivariate logistic regression analyses and genetic models.
Stratification analysis
The association between variant genotypes and COPD risk was further evaluated using analyses stratified by age, sex, BMI, smoking status, pack-years smoked, coal use, family history of lung disease, and childhood history of respiratory disease (Table 6 ). The FAM13A rs17014601 CT genotype was associated with an increased COPD risk in never smokers (adjusted OR=1.97, 95% CI=1.05-3.72, P=0.0356) and 0 pack-years smoked (adjusted OR=2.06, 95% CI=1.44-2.96, P=0.0001), when compared to the respective reference groups.
Stratified analysis of association between the rs16969858 SNP and COPD risk provided no statistically significant result (Table S1 ). There was no effect of the rs16969858 SNP genotype in different smoking status (Table S2) . There was no effect of the rs16969858 SNP genotype in different smoking status according to the dominant and recessive models (Table S3) . There was no effect of the rs17014601 SNP in different smoking statuses (Table S4) , nor according to the dominant and recessive models (Table S5) .
Discussion
In the present population-based case-control study, we investigated the potential associations of FAM13A rs17014601 T.C, rs16996144 G.A, and rs1870339 C.G and IREB2 rs2009746 A.G, rs16969858 C.T, rs2656065 G.A, and rs3743079 C.T SNPs with COPD susceptibility in a Chinese rural population. We found that FAM13A rs17014601 had an independent effect on the COPD risk. The C allele in the FAM13A rs17014601 was significantly associated with COPD risk or occurrence in a Chinese rural population.
FAM13A on chromosome 4q22 has been consistently associated with COPD by GWAS. Among many tested SNPs, the rs7671167 SNP in FAM13A is most highly associated with COPD in Caucasians 7, 27, 28 and Asians, especially in Chinese. 29 Indeed, Xie et al 29 confirmed that the FAM13A rs7671167 SNP was associated with COPD risk in a Chinese Han population and that rs7671167 was related to lung function decline. In addition, Guo et al 30 reported that the frequency of the rs2869967 C allele was significantly increased in Chinese patients with COPD, 30 and Wang et al 31 showed that five FAM13A SNPs (rs7671167, rs2869966, 
1740
Zhang et al rs2869967, rs2045517, and rs6830970) were associated with the FEV 1 /FVC ratio in all subjects and that rs6830970 was associated with the FEV 1 /FVC ratio in the COPD subset. Furthermore, the FAM13A locus is apparently not influenced by smoking. 4 van der Plaat et al 32 suggested that the FAM13A loci (including rs6849143) are significantly associated with lung function measurements in never smokers.
In the present study, we found that a new FAM13A variant contributed to COPD risk in a Chinese rural population. Indeed, rs17014601 was significantly associated with an increased risk of COPD. In People's Republic of China, COPD is more common among rural residents compared with urban residents, 2 probably because of a number of environmental risk factors such as old age, smoking, coal use, infection, and low body mass index. Ningxia is an agricultural region in Northwestern China. Coal stove cooking and winter coal heating are very common. One advantage of our study is that we conducted an investigation of the possible COPD risk factors in individuals who were not yet treated for any lung disease. Then, we adjusted these associations according to known risk factors for COPD, including coal use. The association between rs17014601 and COPD remained significant after adjusting for the confounding factors. In addition, stratified analyses showed that never smokers had a higher risk of COPD in association with FAM13A rs17014601 compared with the whole cohort. This is the first report of the association between the FAM13A rs17014601 and COPD risk, but the results have to be confirmed by additional studies.
The exact biological functions of FAM13A are still unknown. The RhoGAP domain in the exon region may be related to COPD. 13 Rho GTPases are key regulators of cytoskeletal dynamics involved in pulmonary endothelial barrier functions, and have been shown to be dysregulated in several lung diseases. 33 It is probable that genetic variations of FAM13A may affect Rho GTPases activity and the cellular pathways associated with FAM13A, hereby contributing to lung disease. The most significant SNPs in FAM13A have been found in non-coding regions downstream of the RhoGAP domain and are associated with FAM13A gene expression levels. 7 Recently, the biological function of FAM13A in emphysema development has been explored: Jiang et al 11 reported the expression of the FAM13A protein in airways, alveolar epithelial cells, and alveolar macrophages. FAM13A knockout mouse models are less susceptible to develop emphysema. 11 In vitro experiments showed that FAM13A interacts with PP2A and promotes the degradation of β-catenin in bronchial epithelial cells, inhibiting the activation of the Wnt pathway. 10 Moreover, metabolic regulation may be another mechanism by which FAM13A promotes CS-induced emphysema. a adjusted for age, sex, BMI, smoking status, pack-years smoked, coal consumption, family history of lung disease, and childhood history of respiratory disease. In each case, the model was not adjusted for the stratification variable. Abbreviations: SNPs, single-nucleotide polymorphisms; COPD, chronic obstructive pulmonary disease; OR, odds ratio; CI, confidence interval; BMI, body mass index.
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Zhang et al Indeed, FAM13A promotes fatty acid oxidation (FAO) and subsequent increases in ROS, possibly by interacting with Sirtuin 1 (SIRT1) and increasing the expression of CPT1A, a key mitochondrial enzyme for the FAO pathway, thereby enhancing FAO. These findings suggest that the impact of FAM13A on COPD could be independent from smoke exposure.
A previous study in Caucasians showed that IREB2 polymorphisms had an effect of COPD susceptibility, independently from smoking. 27 A Russian study showed associations between the rs13180 SNP in IREB2 and COPD and lung function in the Tatar population. 35 A study from Poland suggests that the rs2568494 SNP in IREB2 was not associated with COPD, but with lung cancer. 28 In the present study, the rs16969858 SNP in the IREB2 gene was significantly associated with COPD only in the univariate analysis, and multivariate analysis did not show any association. These discrepancies may be due to the selection of the SNPs being studied, as well as to the interactions with other environmental and genetic factors. Indeed, the rs16969858 SNP is an intronic SNP that could cause dysfunction because of differential splicing. A recent genome-wide bioinformatics study suggested that there were no differences in gene expression of IREB2 and FAM13A, but that the expression of these genes was dependent on the interactions of genes. 36 This suggests new research avenues and expression studies in lung tissues should be performed.
There are some limitations in the present study that should be addressed. The number of COPD cases was limited. Larger scale studies are needed in different populations to validate the result. Although we were able to identify associations, we were not able to identify the causal mechanisms. This is the first study on the association between rs17014601 and COPD. The Han ethnicity was selected because it is the major ethnic group in China. Nevertheless, we agree that other ethnic groups will have to be studied. In addition, the Han populations that were enrolled in the COPD Susceptibility Study were mainly from southern China. In the present study, we included Chinese Han people from Northwest China and it is possible that there are genetic differences between South and North China. 37 Additional studies are still necessary to understand the genetics of COPD.
Conclusion
The present study strongly suggests an association between the FAM13A gene and COPD in Chinese rural patients. Further studies are required to elucidate the functional roles of these variants, which may have an impact on the management of lung diseases. 
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